INVENTOR: JAVED KHAN 

TITLE: THIN FILM NTC THERMISTOR 

I . BACKGROUND OF THE INVENTION 

A. Field of the Invention 

This invention relates to a method and apparatus for a 
thin film negative temperature coefficient (NTC) thermistor. 

B. Problems in the Art 

The current process of making a negative temperature 
coefficient of resistance thermistor has a number of 
deficiencies. In the current process, a mixture of metal 
oxide powders is weighed and mixed with organic materials 
being added as binders. Once mixed, the mixture is ground 
and tape casted to turn the metal oxide powder into a thin 
and flexible tape-like material. These thin tapes of metal 
oxide materials are then cut into pieces, stacked one on top 
of each other and pressed. The resulting product at this 
point of the process is called a raw wafer. The raw wafer is 
then fired at approximately 1100 °C for nearly seven days. 
This includes the ramp up and ramp down time to and from that 
temperature. The aforementioned process is considered to be 
the preprocessing of the thermistor. After preprocessing, a 
thick film glass dielectric is sprayed on the top and the 
bottom of the preprocessed wafer. Then parts are diced to 
the desired width and broken into strips. Glass dielectric 
is then sprayed on the edges. The resulting pieces are then 
cut to a length to obtain the correct and desired resistance 
values. Termination is then performed on the open edges, 
that is the edges without glass dielectric, by dipping the 
edges into platable silver ink. The thermistor is later 
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fired at approximately 650 °C and electroplated with Nickel 
and tin-lead, or other solder material. 

This current process produces a number of problems and 
deficiencies. One problem is that the process takes too long 
due to the long time period of firing. 

Another problem is that the resistance value is 
dependent in part upon the physical size of the resulting 
thermistor . 

Another problem is that because of the thickness of the 
device, the thermistor takes a longer amount of time to heat 
up than is desirable . 

Another problem is the resistance tolerance associated 
with the thermistor. Because the material composition in a 
particular thermistor can vary, the resistance varies as 
well, resulting in a tolerance that is greater than desired. 

Thus it is a primary objective of the present invention 
to provide a negative temperature coefficient of resistance 
thermistor which improves upon the state of the art. 

Yet another objective of the present invention is to 
provide a thermistor which is predictable. 

Another objective of the present invention is to reduce 
material costs in manufacturing. 

Another objective of the present invention is to reduce 
labor costs associated with manufacturing. 

Another objective of the present invention is to make a 
thermistor with a tighter resistance tolerance. 

Another objective of the present invention is to provide 
a thermistor with reduced manufacturing time required. 

Another objective of the present invention is to provide 
a negative temperature coefficient of resistance thermistor 
that can be manufactured with thin film techniques. 
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Another objective of the present invention is to provide 
a thin film thermistor having the advantage of reduced 
heating time. 

It is another objective of the present invention to 
provide a negative temperature coefficient thermistor having 
the advantage of reduced thickness. 

It is another objective of the present invention to 
provide a negative temperature coefficient resistor having 
increased sensitivity to temperature changes. 

These and other objectives, features, or advantages of 
the present invention will become apparent from the 
specification and claims. 

II. SUMMARY OF THE INVENTION 

The present invention is a method and apparatus for a 
negative temperature coefficient thermistor. The invention 
provides for a thin film negative temperature coefficient of 
resistance thermistor. The NTC thermistor of the present 
invention results in the ability to have standardized sizes 
of resistors in that the resistance value need not be 
dependent upon the physical size of the thermistor. The 
present invention also provides for the advantages of having 
tighter resistance tolerance and increased sensitivity to 
temperature change. In addition the present invention 
provides for reduced material costs, reduced labor costs, and 
reduced manufacturing time. 

III. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side view of the NTC thermistor after 
preprocessing . 

Figure 2 is a side view of the NTC thermistor of the 
present invention . 
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Figure 3 is a flow chart showing the manufacturing steps 
involved in manufacturing the NTC thermistor of the present 
invention. 

Figure 4 is a diagram of a negative temperature 
coefficient of resistance versus temperature curve of the 
present invention . 

IV. DESCRIPTION OF THE PREFERRED EMBODIMENT 

With reference to the drawings, the same reference 
numerals or letters will indicate the same parts or locations 
throughout the drawings unless otherwise indicated. 

Figure 1 shows the NTC thermistor of the present 
invention after preprocessing. As shown in Figure 1, the NTC 
thermistor 10 has a substrate 12 . The substrate 12 may be 
alumina or other substrate that is used in thin film 
processes. The substrate 12 has a layer of silicon nitride 
14 such as may be used in a planarization process. The 
present invention contemplates that other su bstr a tes a nd ... 
other jplanarizat ion materials may be used such as are known 
in the art. The present invention also contemplates that no 
planarization is performed. If planarization is not 
performed, the performance of the resulting NTC thermistor 
will not be reduced. The preprocessed NTC thermistor also 
includes a metal oxide film 16. The metal oxide film 16 is a 
mixture of metal oxides such as manganese oxide or nickel 
oxide. The metal oxide film materials selected in the 
mixture of metal oxide film materials used is selected in 
part by the desired temperature response. For example, one 
mixture of metal -oxide ilms that may be used contains a 
mixture of 82% Mn 2 0 3 to 18% NiO. The present invention 
contemplates that other metal oxide films may be used and 
other mixtures of oxide films may be used as a particular 
application may suggest. This metal oxide mixture film is 
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deposited using sputtering or other physical vapor deposition 
(PVD) processes. 

The preprocessed NTC thermistor of the present invention 
also includes conductor termination 18. Conductor 
termination 18 may consist of platinum, gold, or an alloy, or 
other conductive metal , that is applied through a sputtering 
process . 

The preprocessed NTC thermistor of the present invention 
also includes a passivation layer 20. The passivation layer 
20 is a deposited scratch resistant material such as silicon 
nitride, silicon dioxide, or other material such as may be 
known in the art. The passivation layer is used to protect 
the NTC thermistor's electronic properties from deterioration 
from external contaminants. The present invention also 
contemplates that the passivation layer need not be used. It 
is to be appreciated that a thin film NTC thermistor without 
the passivation layer will not have lower performance. 

Figure 2 shows the thin film NTC thermistor of the 
present invention. The thin film thermistor 22 is shown as 
completed. The thin film thermistor 22 has a resistive 
element 24 which is of the metal oxide mixture. In addition, 
the thin film NTC thermistor has a moisture barrier 26 to 
protect the resistive element from deterioration of 
electronic properties caused by water, ions, and other 
external contaminants. The thin film NTC thermistor also has 
a polymer dielectric 28. The thin film NTC thermistor of the 
present invention also includes an additional terminal 3 0 
formed through a sputtering process. The present invention 
contemplates' that the nichrome and copper need only be 
applied to the end and bottom portions of the termination. 
The termination 3 0 is created through a sputtering process 
applying nichrome and then copper for the termination . The 
present invention contemplates that other conductive 
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materials can be sputtered. The sputtered termination of the 
present invention is plated with a nickel barrier 32 . Nickel 
is known to have a high specific heat capacity. Thus, nickel 
is used to reduce resistive heating . The nickel barrier 32 
is also plated with a solder material 34 such as is well 
known in the art . 

The manufacturing process of the present invention is 
detailed in Figure 3 . The process includes the preprocessing 
steps 40. In preprocessing steps 40, first planarization of 
the substrate occurs. The planarization process smoothes the 
contours of the wafer surface. This can be done by applying 
silicon nitride to the clean surface of the substrate . Af ter * ^ 
the planarized step 42, metal oxide film is deposited in step 
44. The metal oxide film is deposited after photoprocessing 
(or solder masking) such as is known in the art. The metal 
oxide film, as previously discussed, may be a manganese oxide 
and nickel oxide mixture at a ratio of 82% to 18%. The 
precise ratio selected affects the resistance of the thin 
film NTC thermistor at various temperatures. Thus, different 
mixtures of metal oxides may be used to achieve different 
properties in the resulting NTC thermistor. Modification of 
the mixture using other metal oxide films at other ratios may 
be performed. The particular mixture selected based on the 
desired properties of the thermistor such as the^Tze^of the 
thermistor and the associated curve of the thermistor as is 
later discussed. 

Next , the terminals for the top conductor are created in 
step 46 according to a photo process and sputtering step, 
such as is known in the art . Referring back to Figure 1 , the 
sputtering process results in the terminals 18 . Referring 
back to Figure 3, the next step is the sputtering of the 
passivation layer in step 48. The passivation layer being a 
deposition of a scratch resistant material such as silicon 
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nitride or silicon dioxide to prevent deterioration as 
previously discussed. After the addition of the passivation 
layer in step 48, the resulting product is heat treated in 
step 50. Heat treating is used to stabilize the device as is 
known in the art . 

After preprocessing, additional steps are applied to the 
thermistor. These additional steps are th in film p rocessing 
steps such, as are known in the art as applied to other types 
of devices. In step 52, laser trimming is used to trim the 
film. In step 54, the Tokyo Paint is printed and the Minico 
Dielectric or other dielectric is also printed. The present 
invention contemplates that other inks or materials may be 
used such as are well known in the art. In step 56 marking 
occurs to prepare for separation. In step 58 the back 
conductor is sputtered on to the back of the device. In step 
60, the wafer is broken into strips. In step 62 sputtering 
around the conductor is performed. In step 64 the wafer is 
broken into chips. In step 66 the thin film NTC thermistor 
chip is electroplated with nickel. In step 68 the thin film 
NTC thermistor is solder plated. 

It will be readily apparent to those skilled in the art 
that different types and mixtures of metal oxide films may be 
used. It will also be clear to those skilled in the art that 
different types of substrate materials, passivation layer 
materials, terminal conductor materials, electroplated 
barrier materials and solder plating materials may be used, 
and other variations such as may be required by particular 
applications and environments, or to develop thermistors with 
particular properties. 

As previously explained, different compositions of metal 
film materials can be used to achieve different resistances. 
Thus the present invention allows for thermistors having 
different resistances at a given temperature to be the same 

7 



physical size. This rel ationship between resj^ tance_and__ 
tenperatureje nerally bei ng quantified with a curje^guch^ 
~^^nZ^hTart . This^dvantage of the present 

^er^ITNT^ thermistors having different curves to 
be manufactured in the same size. Thus a particular size of 
thermistor may be made from different mixtures of film 
materials thus yielding different negative temperature 
coefficient versus temperature curves. 

Figure 4 shows two representative negative temperature 
coefficient of resistance versus temperature curves. The 
negative temperature coefficient is expressed in percent 
resistance change per degree Celsius. The present inventn.cn 
allows two different NTC thermistors having the same physxcal 
size to have different curves, such as curve 70 and curve 72. 
This advantage allows package sizes to be standardized. Thxs 
standardization may further reduce manufacturing costs. Thxs 
standardization also simplifies the process of incorporating 
an NTC thermistor into an electronics design. 

Thus an apparatus and method for a thin film NTC 
thermistor has been disclosed which solves problems and 
deficiencies in the art. 
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